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Abstract
Purpose Preterm birth (PTB) can be categorised according to aetiology into: spontaneous preterm labour (SPL), preterm 
prelabour rupture of membranes (PPROM), and iatrogenic (iatro) PTB. Outcomes could differ between these groups, which 
could be of interest in counselling. We aimed to explore differences between aetiologic groups of PTB in maternal demo-
graphics, obstetrical characteristics and management, and neonatal outcomes.
Methods This is a cohort study (2012–2018) in Ghent University Hospital, Belgium, of deliveries from 24 + 0 to 
33 + 6 weeks. We compared perinatal demographics, management, and outcomes between the aetiologic types of PTB. 
Point and interval estimates for differences between aetiologic types were estimated using a Generalised Estimating Equa-
tions approach to handle clustering due to multiple gestations.
Results 813 mothers and 987 neonates were included. Prevalences of different aetiologic types of PTB were similar. Maternal 
BMI was higher in the iatrogenic group (iatro-SPL: + 1.92 kg/m2, 95% CI 1.02, 2.83; iatro-PPROM: + 2.06 kg/m2, 95% CI 
1.15, 2.96). There was an inversed sex ratio (0.82, 95% CI 0.65, 1.03), more growth restriction (iatro-SPL: + 22.60%, 95% 
CI 17.08, 28.13; iatro-PPROM: + 24.64%, 95% CI 19.44, 29.83), and a higher caesarean section rate in the iatrogenic group 
(iatro-SPL: + 57.23%, 95% CI 50.32, 64.13, iatro-PPROM: + 56.79%, 95% CI 50.20, 63.38) and more patients received at 
least one complete course of antenatal corticosteroids (iatro-SPL: + 17.60%, 95% CI 10.60, 24.60, iatro-PPROM: + 10.73%, 
95% CI 4.52, 16.94). In all types of PTB, adverse neonatal outcomes had a low prevalence, except for respiratory distress 
syndrome. A composite of adverse neonatal outcome was more prevalent in the SPL- compared to the PPROM group, and 
there was less intraventricular haemorrhage in the iatrogenic group.
Conclusion Additional to gestational age at birth, the aetiology of PTB is associated with neonatal outcome. More data are 
needed to enable individualised management and counselling in case of threatened PTB.
Trial registration number NCT03405116.
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Background
Preterm birth (PTB), defined as delivery prior to 37 
completed weeks’ gestation, remains a challenging prob-
lem within the field of perinatology [1]. According to 
the regional perinatal register, 7.7% of all deliveries in 
Flanders, Belgium, in 2017 were preterm [2]. In high-
income countries, PTB is estimated to account for 75% of 
perinatal mortality and more than half of long-term mor-
bidity [3]. The prevention of PTB is considered a public 
health priority because of the potential to reduce infant 
and childhood morbidity and mortality [4, 5]. Neonatal 
complications are respiratory distress syndrome (RDS), 
necrotising enterocolitis (NEC), intraventricular haem-
orrhage (IVH), periventricular leukomalacia (PVL), and 
retinopathy of prematurity (ROP). On the longer term, 
PTB can influence neurodevelopmental outcome and is 
associated with a higher risk of chronic disease in adult-
hood [6, 7]. There is an inverse relationship between ges-
tational age at delivery and the risk of neonatal morbidity 
and mortality [1, 4, 6, 7]. In Flanders, Belgium, there is a 
consensus that active perinatal management between 24 
and 26 weeks’ gestation is an informed decision made by 
the parents. Before 24 weeks, intensive care is not usu-
ally started [8].
Preterm birth can be the result of spontaneous preterm 
labour (SPL), preterm prelabour rupture of membranes 
(PPROM), or can be iatrogenic due to maternal or foe-
tal indications that require ending the pregnancy (e.g. 
hypertensive disorders, intra-uterine growth restriction 
(IUGR)) [3, 4, 6]. Approximately, 40–45% of PTBs are 
reported to be the result of SPL, 25–30% of PPROM, and 
30–35% of iatrogenic indications [3].
A large proportion of preterm births is the result of 
multiple gestations. Most often, correlated outcomes in 
multiple gestations, which imply a violation of the inde-
pendence assumption under which statistical inferences 
are mostly made, are not adequately taken into account in 
the statistical analysis of perinatal studies.
In this study, the aim is to compare maternal demo-
graphics, obstetrical characteristics and management, and 
neonatal outcomes by aetiology of preterm birth, classi-
fied as SPL, PPROM or iatrogenic, based on admission 
indication, while properly accounting for the correlated 
data structure in the statistical analysis.
Methods
Study design and population
This is a cohort study using the preterm birth register of 
Ghent University Hospital, a referral centre for high-risk 
obstetric patients in Belgium. The register was created in 
2016 and includes all women who delivered from 24 + 0 
to 33 + 6 weeks’ gestation. Patients with the diagnosis of 
intra-uterine foetal death at admission or expecting a foe-
tus with a major congenital disorder that could influence 
neonatal outcome were not included since the main goal of 
the registry is to explore neonatal and long-term outcome 
according to obstetrical management.
We analysed all women and neonates included in the 
preterm birth register of Ghent University Hospital from 
2012 till 2018. The main research question was: “Are there 
any differences in maternal demographics, obstetrical 
characteristics and management, and neonatal outcomes 
according to aetiologic type of PTB (SPL, PPROM or 
iatrogenic)?”
Data collection and management
Data were obtained retrospectively from 2012 till mid-
2017. Prospective data collection started mid-2017. All 
obstetrical data were entered in the database by clinicians 
with experience in perinatology. Neonatal data were 
extracted from the already operational neonatal database 
and imported into the register.
Data were collected and managed using the  REDCap® 
(Research Electronic Data Capture) electronic data cap-
ture tool. REDCap® is a secure, web-based application 
designed to support data capture for research studies [9]. 
A set of important variables was identified. All but one 
core neonatal outcomes were included in the register (not 
included: harm from intervention). Only one core maternal 
outcome was included (PPROM) [10]. All variables were 
self-explanatory and, if not, a clear definition was provided 
in  REDCap®. The multiple-choice options were exhaustive 
and mutually exclusive and included an option ‘not avail-
able’ and/or ‘not applicable’. The system was programmed 
to flag when out-of-range values were entered or data were 
missing. Outliers were investigated by looking at the fre-
quency distributions and variance measures. All changes 
to the data were automatically recorded by  REDCap® with 
date and staff identity. The PTB register was registered at 
clinicaltrials.gov (NCT03405116).
Archives of Gynecology and Obstetrics 
1 3
Statistical analysis
Patients were classified according to the reason for admis-
sion. For the purpose of this study, SPL was defined as 
regular contractions with cervical effacement and/or 
dilatation at less than 34 weeks’ gestation. PPROM was 
defined as spontaneous rupture of membranes at less than 
34 weeks before the onset of contractions. All other admis-
sions were classified as iatrogenic. When patients had a 
combination of problems, the main reason for delivery was 
used for classification. Other definitions are summarised 
in Online Resource 1.
Multiple birth rates are known to be relatively large in 
PTB, thereby creating a non-ignorable amount of clus-
tering in the data (where mothers define the clusters and 
infants are considered cluster members). Conventional 
statistical methods are known to produce invalid standard 
errors for prevalence differences of neonatal outcomes 
because these methods do not appropriately account for 
the hierarchical structure of the data as they rely on the 
assumption of independent outcomes, which is most likely 
not met. To adequately handle clustering due to multiple 
births, we adopted a Generalised Estimating Equations 
(GEE) approach that is robust to such assumption viola-
tions [11, 12].
Cluster-weighted GEE models with an independence 
working correlation structure were used to compare mater-
nal demographics and obstetrical characteristics and man-
agement between groups. By inversely weighing by cluster 
size, each mother is given equal weight in the analysis (i.e. 
mothers of multiples get the same weight as mothers of 
singletons), thereby warranting a mother level interpreta-
tion of the results. In contrast, to compare neonatal out-
comes between groups, non-weighted GEE models with 
an independence working correlation structure were fitted 
to infant level data. In the possible presence of informative 
cluster size (i.e. outcomes and between-group differences 
in outcome being associated to cluster size), the choice of 
an independence working correlation structure has been 
advocated to warrant an infant level interpretation of the 
results [13].
Overall, linear GEEs were fitted because these provide 
valid point and interval estimates for either prevalence or 
rate differences (binary/multinomial outcomes) or mean dif-
ferences (continuous outcomes). For multinomial outcomes, 
a series of linear GEEs was fitted with alternating reference 
outcome categories to obtain point and interval estimates 
for the proportions of each of the outcome categories within 
each group. Interactions between severity of preterm birth 
and the outcome variable were explored (Online Resource 
2). When appropriate, post hoc mean-separation testing was 
done to explore significant differences in main and interac-
tion effects.
Statistical analysis and visualisation were conducted in 
R version 3.4.3 using packages ‘geepack’, ‘emmeans’ and 
‘gglot2’.
Ethical considerations
This study was approved by the Medical Ethics Committee 
of Ghent University Hospital on February 26th, 2018, with 
registration number BE670201835532. Retrospective data 
were collected after opt-out consent and were handled with 
professional confidentiality and ethical responsibility. The 
prospective data were collected after signing an informed 
consent. The couples were informed about the goal of the 
study and the destination of their data. Participation was vol-
untary and never influenced the care in the hospital. Couples 
could withdraw from the study at any time. All records were 
pseudonymised for analysis.
Results
The study population consists of 813 mothers and 987 neo-
nates. About one-third (30.6%) of women was admitted for 
SPL, 33.9% for PPROM, and 35.4% because of other obstet-
rical and non-obstetrical reasons which had led to iatrogenic 
preterm delivery. In the iatrogenic group, 74.3% had pla-
cental insufficiency (pre-eclampsia, HELLP, Doppler abnor-
malities), 9.4% had placenta previa, 2.8% had an infectious 
pathology, and 13.5% had another reason for admission (e.g. 
intrahepatic cholestasis of pregnancy).
Maternal demographics (Table 1, Online Resource 3)
The pre-pregnancy body mass index (BMI) in the iatrogenic 
group was, on average, 1.92 kg/m2 (95% CI 1.02, 2.83) 
higher compared to the SPL group and 2.06 kg/m2 (95% CI 
1.15, 2.96) higher compared to the PPROM group. Other 
demographics were similar across groups and are summa-
rised in Table 1.
Obstetrical characteristics (Table 1, Online Resource 
3, 4)
Among parous women, there were relatively more women 
with a history of PTB in the SPL group compared to the iat-
rogenic (+ 19.54%, 95% CI 6.55, 32.54) and PPROM group 
(+ 15.18%, 95% CI 2.29, 28.07).
There were relatively more multiple gestations in the 
SPL- (+ 14.84%, 95% CI 7.79, 21.90) and PPROM group 
(+ 7.19%, 95% CI 0.74, 13.63) compared to the iatrogenic 
group. In the SPL- and PPROM group, more pregnancies 
were conceived with assisted reproductive technologies 
compared to the iatrogenic group (+ 4.94% (95% CI − 2.00, 
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Table 1  Maternal demographics and obstetrical characteristics according to pathology at admission (N = 813)
SD standard deviation, SPL spontaneous preterm labour, PPROM preterm prelabour rupture of membranes, BMI body mass index, IVF in vitro 
fertilisation, ICSI intracytoplasmic sperm injection, OI ovulation induction, IUI intra-uterine insemination, DCDA dichorionic di-amniotic, 
MCDA monochorionic mono-amniotic, MCMA monochorionic mono-amniotic, TCTA trichorionic tri-amniotic, DCTA dichorionic tri-amniotic
SPL PPROM Iatrogenic Total
Pregnancies, n (%) (N = 813)
 Extreme preterm 75 (30.1) 46 (16.7) 39 (13.5) 160 (19.7)
 Very preterm 108 (43.4) 133 (48.2) 153 (53.1) 394 (48.5)
 Moderate preterm 66 (26.5) 97 (35.1) 96 (33.3) 259 (31.9)
 All preterm 249 (30.6) 276 (33.9) 288 (35.4) 813
Maternal demographics
 Age, years
  Mean [SD] 30 [5.2] 31 [4.9] 30 [5.5] 31 [5.2]
  Min–max 16–43 16–42 17–49 16–49
 Race, n (%) (2 missing)
  Caucasian 214 (85.9) 226 (81.9) 240 (83.3) 680 (83.6)
  Black 7 (2.8) 5 (1.8) 16 (5.6) 28 (3.4)
  Asian 11 (4.4) 9 (3.3) 6 (2.1) 26 (3.2)
  Other 17 (6.8) 34 (12.3) 26 (9.0) 77 (9.5)
 Smoking, n (%)
  No 199 (79.9) 222 (80.4) 220 (76.4) 641 (78.8)
  Yes 37 (14.9) 38 (13.8) 49 (17.0) 124 (15.3)
  Unknown 13 (5.2) 16 (5.8) 19 (6.6) 48 (5.9)
 Pre-pregnancy BMI, kg/m2 (4 missing)
  Median/mean [SD] 23.2/24.0 [4.5] 22.9/23.9 [4.9] 24.5/25.9 [6.0] 23.5/24.6 [5.3]
  Q1–Q3 20.6–27.0 20.5–25.8 22.2–27.9 20.6–27.0
  Min–max 15.2–42.8 15.2–45.0 16.2–64.5 15.2–64.5
Obstetrical characteristics
 Parity, n (%)
  Nulliparous 151 (60.6) 158 (57.2) 182 (63.2) 491 (60.4)
  Primiparous 57 (22.9) 67 (24.3) 64 (22.1) 188 (23.1)
  Multiparous 41 (16.5) 51 (18.5) 42 (14.7) 134 (16.4)
 History of preterm birth (parous women, N = 320), n 
(%) (2 missing)
  No 52 (51.5) 80 (66.7) 76 (71.0) 208 (63.4)
  Immature 12 (11.9) 6 (5.0) 5 (4.7) 23 (7.0)
  Extreme 6 (5.9) 2 (1.7) 6 (5.6) 14 (4.3)
  Very 5 (5.0) 5 (4.2) 4 (3.7) 14 (4.3)
  Moderate to late 17 (16.8) 18 (15.0) 16 (15.0) 51 (15.5)
  More than one 9 (8.9) 9 (7.5) 0 18 (5.5)
 Conception, n (%)
  Spontaneous 190 (76.3) 207 (75.0) 234 (81.2) 631 (77.6)
  IVF/ICSI 28 (11.2) 37 (13.4) 31 (10.8) 96 (11.8)
  OI 18 (7.2) 19 (6.9) 9 (3.1) 46 (5.7)
  KID 2 (0.8) 3 (1.1) 1 (0.3) 6 (0.7)
  Donoregg 4 (1.6) 3 (1.1) 7 (2.4) 14 (1.7)
  IUI 7 (2.8) 7 (2.5) 6 (2.1) 20 (2.5)
 Singleton or multiple gestation, n (%)
  Singleton 174 (69.9) 214 (77.5) 244 (84.7) 632 (77.7)
  DCDA 53 (21.3) 51 (18.5) 23 (8.0) 127 (15.6)
  MCDA 17 (6.8) 10 (3.6) 12 (4.2) 39 (4.8)
  MCMA 0 0 7 (2.4) 7 (0.9)
  TCTA 3 (1.2) 1 (0.4) 0 4 (0.5)
  DCTA 2 (0.8) 0 2 (0.7) 4 (0.5)
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11.89) and + 6.50% (95% CI − 0.56, 13.06), respectively). 
There were no considerable between-group differences in 
the method of conception.
Obstetric management (Table 2, Online Resource 4)
The majority of patients (76.3%) admitted before 26 weeks 
chose for active perinatal management, 18.9% chose 
against, and 4.8% was indecisive. There were less couples 
in the SPL group who chose for active management com-
pared to the PPROM- and iatrogenic group (9.24% (95% 
CI − 5.00, 23.44) and 6.99% (95% CI − 10.16, 24.15) less, 
respectively).
One-fifth (19.4%) did not receive a complete course of 
ACS. The percentage of patients in the iatrogenic group 
receiving a complete course was higher than in the SPL- 
(+ 17.60%, 95% CI 10.60, 24.60) and PPROM group 
(+ 10.73%, 95% CI 4.52, 16.94).
Tocolysis was more often given in the SPL group com-
pared to the PPROM- (+ 11.23%, 95% CI 5.33, 17.13) and 
iatrogenic group (+ 72.60, 97% CI 66.83, 78.36). Repeated 
courses of tocolysis were more frequently given in the 
SPL group (+ 16.14%, 95% CI 7.92, 24.36) compared to 
the PPROM group. (Repeated) tocolysis in the iatrogenic 
group was mainly given to patients with placenta praevia.
A higher percentage of patients in the iatrogenic group 
received neuroprotection compared to the SPL- (+ 12.04%, 
95% CI 2.11, 21.97) and PPROM group (+ 19.85%, 95% 
CI 9.92, 29.79).
The gestational age at birth was, on average, slightly 
higher in the PPROM- (0.84 weeks, 95% CI 0.35, 1.30) 
and iatrogenic group (1.00 weeks, 95% CI 0.56, 1.44), 
compared to the SPL group. Accordingly, relatively more 
patients gave birth extreme preterm in the SPL group com-
pared to the PPROM- (+ 13.27%, 95% CI 6.07, 20.47) and 
iatrogenic group (+ 16.57%, 95% CI 9.64, 23.51). The time 
between admission and birth in the iatrogenic group was, 
on average, 2.65 days (95% CI 0.79, 4.51) longer com-
pared to the SPL group, and 3.10 days longer (95% CI 
1.45, 4.75) than the PPROM group.
The caesarean section rate was highest in the iatrogenic 
group (90.6%) and was considerably lower in the other 
groups: 57.23% (95% CI 50.32, 64.13) and 56.79% (95% 
CI 50.20, 63.38) lower in the SPL- and PPROM group, 
respectively.
Table 2  Obstetrical management according to pathology at admission (N = 813, 786 with active management)
SPL spontaneous preterm labour, PPROM preterm prelabour rupture of membranes, ACS antenatal corticosteroids, SD standard deviation
SPL PPROM Iatrogenic Total
Intra-uterine transfer, n/N (%) (N = 813) 207/249 (83.1) 231/276 (83.7) 230/288 (79.9) 668/813 (82.2)
Gestational age at admission, median/mean in weeks + days (IQR) (N = 
813)
29 + 2/28 + 5
(25 + 5, 31 + 3)
30 + 1/29 + 4
(27 + 2, 32 + 1)
29 + 2/29 + 2
(27 + 5, 31 + 2)
29 + 4/29 + 2
(27 + 0, 31 + 4)
Active management, n/N (%) (N = 169) 56/78 (71.8) 47/58 (81.0) 26/33 (78.8) 129/169 (76.3)
Timing and mode of delivery
 Gestational age at birth, median/mean in weeks + days (IQR) (N = 813) 30 + 3/29 + 4
(26 + 5, 32 + 0)
31 + 0/30 + 3
(29 + 0, 32 + 4)
31 + 0/30 + 4
(29 + 1, 32 + 2)
30 + 5/30 + 1
(28 + 5, 32 + 2)
 Interval admission-birth, median/mean [SD] in days (IQR)













 Caesarean section, n (%)
(N = 786)
  Extreme preterm 21/58 (36.2) 10/38 (26.3) 36/37 (97.3) 67/133 (50.4)
  Very preterm 33/108 (30.6) 52/133 (39.1) 145/153 (94.8) 230/394 (58.4)
  Moderate preterm 22/66 (33.3) 28/97 (28.9) 78/96 (81.3) 128/259 (49.4)
  All preterm 76/232 (32.8) 90/268 (33.6) 259/286 (90.6) 425/786 (54.1)
Antenatal corticosteroids
 Administration of ACS, n/N (%) (N = 786) 217/232 (93.5) 255/268 (95.1) 269/286 (94.1) 741/786 (94.3)
 At least 1 complete course, n/N (%)
(1 missing)
156/217 (71.9) 201/255 (78.8) 240/269 (89.2) 597/741 (80.6)
Tocolysis
 Administration of tocolysis, n/N (%) (N = 786) 213/232 (91.8) 216/268 (80.6) 55/286 (19.2) 484/786 (61.6)
 One course, n (%) 139/213 (65.3) 176/216 (81.5) 37/55 (67.3) 352/484 (72.7)
Neuroprotection (N = 527, all patients with indication for neuroprotection)
 At least 1 course  MgSO4, n (%) 96/166 (57.8) 86/171 (50.3) 133/190 (70.0) 315/527 (59.8)
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Table 3  General birth 
characteristics according 
to pathology at admission 
(n = 987)
SPL spontaneous preterm labour, PPROM preterm prelabour rupture of membranes, IUGR intra-uterine growth 
restriction, SD standard deviation
SPL PPROM Iatrogenic Total
Biological sex, 
n (%)
 Female 128/320 (40.0) 144/334 (43.1) 183/333 (55.0) 455/987 (46.1)
Birth weight (g)  Extreme preterm
  Median/mean [SD] 775/807 [172] 758/807 [183] 706/767 [215] 770/789 [187]
  Q1–Q3 674–903 676–925 586–955 654–918
  Min–max 535–1250 514–1275 322–1320 322–1320
 Very preterm
  Median/mean 1528/1527 1486/1483 1200/1205 1410/1395
  [SD] [293] [288] [327] [335]
  Q1–Q3 1324–1700 1285–1690 953–1435 1180–1635
  Min–max 710–2340 703–2200 599–2500 599–2500
 Moderate preterm
  Median/mean 1910/1898 1925/1960 1725/1714 1855/1851
  [SD] [307] [320] [412] [369]
  Q1–Q3 1700–2100 1770–2125 1380–2010 1600–2100
  Min–max 875–2590 1350–3080 820–2985 820–3080
SGA, n (%)  Yes, extreme pre-
term
9 /91 (9.9) 7/54 (13.0) 21/42 (50.0) 37/187 (19.8)
 Yes, very preterm 6/136 (4.4) 3/163 (1.8) 45/166 (27.1) 54/465 (11.6)
 Yes, moderate 
preterm
3/93 (3.2) 2/117 (1.7) 28/125 (22.4) 33/335 (9.9)
 Yes 18/320 (5.6) 12/334 (3.6) 94/333 (28.2) 124/987 (12.6)
Head circumfer-
ence (cm)
 Median/mean [SD] 28.2/27.3 [3.2] 28.1/27.9 [3.1] 27.8/27.6 [3.0] 28.0/27.6 [3.1]
 Q1–Q3 24.7–29.8 26.4–30.0 25.9–29.9 25.8–30.0
 Min–max 20.0–33.6 17.0–40.0 20.0–41.0 17.0–41.0
 Missing (n) 26 29 32 87
Total 320 334 333 987
Neonatal outcomes
Sex and anthropometry (Table 3, Online Resource 5)
From 2012 to 2018, 987 children were born between 24 and 
34 weeks’ gestation, alive at admission and without major 
congenital malformations, of which 46.1% were girls. There 
were relatively more girls in the iatrogenic group compared to 
the SPL- (+ 14.95%, 95% CI 6.78, 23.13) and PPROM group 
(+ 11.84%, 95% CI 3.82, 19.86). There were no considerable 
differences in birth weight between the groups within children 
born extreme preterm. Children born very or moderate pre-
term in the iatrogenic group weighed, on average, less than 
in the SPL- and PPROM group (iatro-SPL, very: − 322.5 g, 
95% CI − 440.1, − 204.8; iatro-PPROM, very: − 277.9 g, 95% 
CI − 390.4, − 165.4; iatro-SPL, moderate: − 184.8 g, 95% CI 
− 350.2, − 19.3; iatro-PPROM, moderate: − 246.4 g, 95% CI 
− 399.2, − 93.5) (Online Resource 2/a).
The overall prevalence of SGA was 12.6%. The 
prevalence was highest in the iatrogenic group (iatro-
SPL,extreme: + 40.1%, 95% CI 13.1, 67.1, iatro-
SPL,very: + 22.7%, 95% CI 10.6, 34.8, iatro-SPL, 
moderate: + 19.2%, 95% CI 6.9, 31.5, iatro-PPROM, 
extreme: + 37.0, 95% CI 9.0, 65.0, iatro-PPROM, 
very: + 25.3%, 95% CI 14.0, 36.6, iatro-PPROM, moder-
ate: + 20.7%, 95% CI 9.1, 32.2) (Online Resource 2/b).
Mortality (Table 4, Online Resource 5)
For further analysis, we excluded patients who gave birth before 
26 weeks’ gestation and did not choose for active management 
(32 neonates). There were 7 cases of foetal death (0.7%) dur-
ing admission or birth. Neonatal intensive care unit (NICU) 
mortality in liveborn neonates was 4.0% (Fig. 1a, b). Intensive 
care was provided up to decease in 34.2%. More often, inten-
sive care was stopped (55.3%). In 2 cases, intensive care was 
withheld due to a negative prognosis. Neonatal mortality was 
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3.5%, perinatal mortality 4.2%. Neonatal mortality was highest 
in extreme preterm births (72.7% of all neonatal deaths) and 
declined with increasing gestational age. Most cases of neona-
tal mortality occurred in the SPL group (45.5% of all neonatal 
deaths). The median age at neonatal death was 6 days. The age 
at death was lowest in the SPL group. 
Exclusion of all mortalities set a new total of 909 neo-
nates, alive at discharge.
Morbidity (Table 4, Online Resource 5)
Sixty-five percent of neonates alive at discharge (64.8%) suffered 
from at least one of the following adverse neonatal outcomes 
(composite outcome): RDS, NEC, IVH, PVL, ROP, or persis-
tent ductus arteriosus (PDA). The complication rate lowered 
with increasing gestational age (Fig. 1c). Irrespective of ges-
tational age, the composite outcome was more prevalent in the 
SPL- compared to the PPROM (+ 10.21%, 95% CI 2.49, 17.66) 
and iatrogenic group (+ 5.92%, 95% CI − 1.91, 13.75) (Fig. 1d, 
Online Resource 2/c). The majority of neonates with complica-
tions had one complication (71.1%). Twenty-two percent had 
two complications (21.9%). The complication rate with exclu-
sion of RDS was 21.2%, the distribution according to gesta-
tional age was similar to the distribution with RDS included. For 
extreme PTB, the composite outcome excluding RDS was more 
prevalent in the SPL- compared to the PPROM- (+ 41.11%, 
95% CI 10.77, 71.44) and iatrogenic group (+ 18.95%, 95% CI 
− 14.77, 52.67) (Online Resource 2/d).
There were no differences in duration of admission at 
NICU between the groups (Online Resource 2/e). The most 
prevalent pathology was RDS (61.5%), followed by PVL 
(13.9%) and IVH (5.1%). There was no difference in RDS 
between the groups (Online Resource 2/f).
IVH was present in 5.1% and, at birth before 32 weeks’ 
gestation, seemed to occur less in the iatrogenic group com-
pared to the other groups (Online Resource 2/g). Only 5 
neonates alive at discharge (0.6%) had severe IVH, defined 
as IVH grade 3 or 4, all occurred in the PPROM group. In 
case of PVL, isolated flares for longer than 7 days were seen 
most often (85.7%). There were 6 cases of cystic PVL: three 
in the iatrogenic group, two in the SPL group, and one in 
the PPROM group. ROP occurred in 4.0% of extreme and 
very preterm born children, and PDA in 4.4% of neonates.
Discussion
Principal findings
Approximately, one-third of patients delivered preterm due 
to SPL, one-third due to PPROM, and one-third because 
of maternal and/or foetal indications leading to iatrogenic 
PTB. A history of PTB was present in approximately 
Table 4  Neonatal mortality and mortality according to pathology at 
admission
SPL spontaneous preterm labour, PPROM preterm prelabour rupture 
of membranes, RDS respiratory distress syndrome, NEC necrotising 
enterocolitis, IVH intraventricular haemorrhage, PVL periventricular 
leukomalacia, ROP retinopathy of preterm birth, PDA persistent duc-
tus arteriosus
Prematurity SPL PPROM Iatrogenic Total
Neonatal mortality in liveborn preterm born neonates with active man-
agement (n = 948)
 Neonatal mortality, n (%)
  Extreme 12/69 (17.4) 5/43 (11.6) 7/38 (18.4) 24/150 (16.0)
  Very 3/136 (2.2) 3/163 (1.8) 3/165 (1.8) 9/464 (1.9)
  Moderate 0 0 0 0
  All 15/298 (5.0) 8/323 (2.5) 10/327 (3.1) 33/948 (3.5)
Morbidity in preterm born neonates alive at discharge (n = 909)
 Neonates per severity, n (%)
  Extreme 57 (20.1) 37 (11.8) 30 (9.6) 124 (13.6)
  Very 133 (47.0) 160 (51.0) 158 (50.6) 451 (49.6)
  Moderate 93 (32.9) 117 (37.3) 124 (39.7) 334 (36.7)
  All 283 (31.1) 314 (34.5) 312 (34.3) 909
 Composite, n (%)
  Extreme 57 (100) 35 (94.6) 28 (93.3) 120 (96.8)
  Very 99 (74.4) 114 (71.3) 120 (75.9) 333 (73.8)
  Moderate 49 (52.7) 37 (31.6) 50 (40.3) 136 (40.7)
  All 205 (72.4) 186 (59.2) 198 (63.5) 589 (64.8)
 RDS, n (%) (7 missing)
  Extreme 51 (89.5) 34 (91.9) 26 (86.7) 111 (89.5)
  Very 94 (70.7) 111 (69.4) 119 (75.3) 324 (71.8)
  Moderate 45 (48.4) 32 (27.4) 47 (37.9) 124 (37.1)
  All 190 (67.1) 177 (56.4) 192 (61.5) 559 (61.5)
 NEC, n (%)
  Extreme 2 (3.5) 2 (5.4) 3 (10.0) 7 (5.6)
  Very 2 (1.5) 3 (1.9) 1 (0.6) 6 (1.3)
  Moderate 0 0 1 (0.8) 1 (0.3)
  All 4 (1.4) 5 (1.6) 5 (1.6) 14 (1.5)
 IVH grade 1–4, n (%)
  Extreme 8 (14.0) 5 (13.5) 1 (3.3) 14 (11.3)
  Very 10 (7.5) 9 (5.6) 4 (2.5) 23 (5.1)
  Moderate 4 (4.3) 2 (1.7) 3 (2.4) 9 (2.7)
  All 22 (7.8) 16 (5.1) 8 (2.6) 46 (5.1)
 PVL, n (%)
  Extreme 31 (54.4) 10 (27.0) 12 (40.0) 53 (42.7)
  Very 16 (12.0) 25 (15.6) 21 (13.3) 62 (13.7)
  Moderate 1 (1.1) 6 (5.1) 4 (3.2) 11 (3.3)
  All 48 (17.0) 41 (13.1) 37 (11.9) 126 (13.9)
 ROP, n (%)
  Extreme 10 (17.5) 4 (10.8) 7 (23.3) 21 (16.9)
  Very 0 1 (0.6) 1 (0.6) 2 (0.4)
  All 10/190 (5.3) 5/197 (2.5) 8/188 (4.3) 23/575 (4.0)
 PDA, n (%) (7 missing)
  Extreme 15 (26.3) 6 (16.2) 5 (16.7) 26 (21.0)
  Very 2 (1.5) 7 (4.4) 5 (3.2) 14 (3.1)
  Moderate 0 0 0 0
  All 17 (6.0) 13 (4.1) 10 (3.2) 40 (4.4)
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one-third of parous women and was highest in the SPL 
group. As compared to the other groups, iatrogenic PTB 
was characterised by a higher average pre-pregnancy BMI, 
and an inverse sex ratio (0.82). Almost all iatrogenic births 
were by caesarean section (90.6%).
Neonatal mortality was 3.5%. It was highest in the SPL 
group (5.0%). A composite neonatal outcome of NEC, 
Fig. 1  Neonatal outcome according to gestational age and type of preterm birth
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IVH, PVL, ROP and/or PDA was, in children born before 
28 weeks’ gestation, more prevalent in the SPL group. In 
children born before 32 weeks, IVH was less prevalent in 
the iatrogenic group.
Strengths of the study
Comparisons between aetiologic groups of PTB have been 
reported in the past [3, 4, 6, 14–20]. In most previous stud-
ies, SPL and PPROM are considered as one group. What 
distinguishes this study from previously published work 
is the comparison of core neonatal outcomes [10] in three 
aetiologic groups (SPL, PPROM and iatrogenic), as well as 
its more adequate statistical methodology.
For statistical inferences, we accounted for correlated 
outcomes in multiples, often neglected in perinatal epide-
miologic research. We did not, however, account for cor-
related outcomes across admissions due to clustering of 
multiple pregnancies in a single mother during the study 
period. Since only 2.5% of women were included more than 
once, we have reason to believe that this additional level of 
clustering may have had negligible impact as compared to 
clustering due to multiple pregnancies (which accounted for 
22.3% of included pregnancies). This was confirmed by a 
sensitivity analysis (not included).
Sensitivity analysis also showed that there were no dif-
ferences in neonatal outcomes between the groups when 
children with NICU mortality were included in the analysis 
of neonatal morbidity.
We would like to underline the following statement of 
Davidian and Louis: “The real significance of statistics is 
the science of learning from data, and of measuring, con-
trolling and communicating uncertainty” [21]. Wasserstein 
et al. nicely summarised their recommendations regarding 
research in the acronym ‘ATOM’: “Accept uncertainty, be 
thoughtful, open and modest’ [22]. No causal inferences 
were made; this study only reports estimates and associa-
tions within a tertiary population experiencing preterm birth. 
Since analyses had a descriptive aim, we did not perform 
extensive multivariate regressions.
For the first time in Belgium, a multidisciplinary data-
base on PTB was created, integrating obstetrical informa-
tion, neonatal management and outcomes, and long-term 
follow-up. The database contains a wealth of information 
on the core neonatal outcomes for PTB.  REDCap® enabled 
quality control of data input. Patients were included over 
seven consecutive years. This article is a first attempt to link 
obstetrical with neonatal data.
We chose to classify the aetiologic types of PTB accord-
ing to reason for admission, since this is the information 
available for the physician at the time of counselling. In the 
vast majority of cases, the reason for admission and the rea-
son for delivery coincided.
Limitations of the data
Our data were collected monocentrically, which may limit 
generalisability. Moreover, the organisation of health care 
and clinical practice in Belgium may differ from other coun-
tries. When deemed necessary, we did, however, describe 
our hospital policy as a point of reference for interpretation. 
Multicentre collection of data started mid-2018. The means 
to retrospectively collect data from 2012 to 2018 in the other 
tertiary centres are currently not available.
A limitation of classifying PTB according to aetiology 
is that heterogeneous conditions may be pooled and some 
might present in either category [4]. In a study of Stout et al., 
the interobserver agreement on the classification of PTB was 
80% [23].
Numbers in the subgroups were small, limiting meaning-
ful comparison of some core outcomes. Our definition of 
RDS was broad, without differentiation in severity.
Finally, reported associations between maternal charac-
teristics and types of PTB may have been subject to selection 
bias due to exclusion of patients with diagnosis of intra-
uterine death at admission and patients expecting a foetus 
with a major congenital disorder, since both may have been 
associated with both certain maternal characteristics and the 
aetiology of PTB. Per year, approximately 10% of patients 
with PTB fulfilled the exclusion criteria. In addition, ret-
rospective data were not available for mothers who were 
admitted for imminent preterm delivery but who delivered 
late preterm or term. Exclusion of these deliveries may limit 
the interpretation of our results for counselling purposes.
Interpretation
Obstetric findings
The distribution of the three aetiologic groups was within 
the expected ranges [3]. Prior PTB is known to be the strong-
est risk factor for recurrent PTB, with a recurrence risk of 
15% to more than 50%, depending on the number and ges-
tational age of previous PTB [3]. Nulliparous women are 
generally at higher risk of pregnancy complications, such as 
hypertensive disorders [24]. Multiple gestation is a known 
risk factor for PTB [1, 3, 4]. Obesity is an indirect risk factor 
for iatrogenic PTB due to comorbidities and risk of hyper-
tensive disorders. A low pre-pregnancy BMI is associated 
with a higher and obesity with a lower risk of SPL [3, 25]. 
A higher incidence of preterm labour in male foetuses and 
a higher risk of pre-eclampsia and IUGR in female foetuses 
have been reported [26–28].
The administration of ACS has become state-of-the-art 
to reduce adverse neonatal outcome [29]. The rather low 
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proportion of complete courses in our cohort can partially be 
explained by a short duration between admission and birth.
Although not proven beneficial [30, 31], tocolysis was 
repeated. Less repeat courses were given in the PPROM 
group, which corresponds to hospital protocol of giving 
only 1 course in PPROM, except for threatened extreme 
PTB without signs of infection. Moderate to severe placental 
insufficiency is a contra-indication for tocolysis [32].
MgSO4 as neuroprotection was introduced in our hospi-
tal in 2014, which explains its relatively low use of 59.8%. 
The proportion was significantly higher in the iatrogenic 
group, reflecting eclampsia prevention. This percentage 
is comparable with the results of a French national survey 
[33], and lower than the 71% administration in an American 
study [34]. From 2014 onwards, the use was proportionately 
higher (74.2%).
Neonatal findings
Neonatal morbidity and mortality are inversely related to 
gestational age [1, 3, 4, 6–8]. There is few evidence on the 
association between type of PTB and neonatal outcomes 
[16–20]. Grill et al. reported a higher postnatal mortality in 
the iatrogenic group [17]. In the EPIPAGE-2 cohort, chil-
dren born due to suspected IUGR had a higher mortality 
risk than those born after SPL [18]. In our cohort, most 
case fatalities were found in the SPL group, in which more 
children were born extremely preterm compared to the other 
groups. Numbers, however, were small.
Garite et al. did a similar study and concluded that IUGR 
was the only indication for admission which was associated 
with a higher risk of serious morbidity, and that counsel-
ling could be based primary on gestational age [19]. Morken 
et al. concluded that spontaneous and iatrogenic PTB are 
associated with different paediatric outcomes. They reported 
an increased risk of cerebral palsy in children born after SPL 
or PPROM at gestational age 28–31 weeks, and more neo-
natal morbidity in iatrogenic PTB [16]. In our study cohort, 
a composite outcome of NEC, IVH, PVL, ROP and/or PDA 
with or without RDS, was more common in the SPL group 
than in the PPROM group and was inversely related to ges-
tational age.
Less cases of IVH were found in the iatrogenic group 
compared to the other groups. A partial explanation for 
the relatively lower rate of IVH in the iatrogenic group 
at a gestational age less than 32 weeks could be a more 
frequent administration of a complete course of ACS in 
that group, and the absence of an inflammatory aetiol-
ogy. In the EPIPAGE-2 cohort, a higher rate of IVH was 
seen in cases of placental abruption and in cases involving 
inflammation, such as SPL and PPROM [20]. Continued 
data collection will allow to explore if this observed trend 
is consistent or just a coincidental finding.
Conclusions
The results of this study confirm that there might be differ-
ences in short-term neonatal outcomes between aetiologic 
types of PTB. However, the sample size of our study does 
not allow any firm conclusions. Continued data collection 
is essential and ongoing. These and future findings might 
be helpful when counselling patients who are referred to 
or admitted at a tertiary care centre. For now, counselling 
should mainly be guided by eventual gestational age at 
birth, as well as by foetal growth.
Finally, we highlight the importance of accounting for 
the non-independency of multiple gestations, the risk of 
selection bias by only looking at children actually born 
preterm, and the need of distinguishing association from 
causation.
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